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(54) Improving the water resistance of articles containing fine vermiculite 

(57) Certain articles required to function in air at temperatures of 250°C or higher comprise very fine particles of vermiculite 
from whicn tne interstitial magnesium ions nave been at least partiaiiy removed and whicn has been swollen in water. 
These art^ies are not ordinarily exposed *o water when i,, use, but if they are they are likely to disintegrate quickly because 
of the reac ! , dispersibiiity of tne vermicuirte particles. By the invention, water-resistance is given to sucn articles Dy treating 
them with a solution of an aluminate salt eg NaALQ 2 or a zirconyi salt eg ZrOCL. 
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Improving the water resistance of f i ne-vermi culi te articles 

This invention is concerned with improving the 
water-resistance of fine-vermiculite articles. 

Certain articles required to function in air at 
temperatures of 250°C or higher comprise very fine 
particles of chemically exfoliated vermiculite (CEV), that 
is to say vermiculite from which the interstitial 
magnesium ions have been at least partially removed and 
which has been swollen in water. Examples of such articles 
are: a heat shield consisting of foil obtained by 
evaporation of an aqueous colloidal dispersion of the 
particles; a rigid foam whose high content of CEV enables 
the foam to confer a substantial degree of protection 
against fire on whatever it is attached to; and the 
sealing element of a gasket for the exhaust system of an 
internal combustion engine, said element being composed of 
thermally exfoliated vermiculite whose relatively coarse 
particles are bound together by CEV particles. 
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Once put into use, these a 
exposed to water; but if they 
disintegrate quickly or at I 
of CEV that are important to 
temperature, because the par 
the order of only 100 /jib - ar 

According to the present in 
process for improving the wa 
which comprises very fine p 
which the interstitial magne 
partially removed and which 
which process the article i 
solution of an aLuminate or a 



rticles are not ordinarily 
are, then they are likely to 
east lose the fine particles 
their performance at elevated 
tides - having a diameter of 
e readily dispersed by water. 

vention, there is provided a 
t e r - r e s i s t a n c e of an article 
articles of verm icu lite from 
sium ions have been at least 
has been swollen in water, in 
s bought into contact with a 
zirconyl salt. 



Preferably, the salt employed is an alkali metal 
aLuminate, particularly N a A I 0 ^ or K A I 0 ^ . If a zirconyl 
salt is used, it is preferably a halide, such as Z r 0 C I - . 



A further improvement in water-resistance can be obtained 
by a subsequent treatment with a solution of a 
silicone elastomer. 



The invention has particular utility in improving the 

water-resistance of articles comprising gas-exfoliated 

vermiculite bound together by CEV particles. By 

'gas-exfoliation 1 we include both the exfoliation by steam 
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that occurs when raw vermiculite exfoliates on being flash 
heated and the exfoliation by oxygen that occurs wnen raw 
vermiculite is treatea with acidic hydrogen peroxide. 

The invention is further illustrated by the Examples .Wen 
later, in the first four of which there is described the 
effect of various solutions on strips of fine-vermiculite 
material prepared as follows: 



The following ingredients were mixed with moderate shear 
to form a stiff paste: 



Thermally exfoliated vermiculite 
(MANDOVAL superfine grade, passing 

a 2mm sieve) 1kg 

CEV (WR GRACE GP923; 18% aqueous 

dispersion); enough to give vermiculite 

solids- 1kg 



The paste was spread with a blade onto fine polypropylene 

gauze to give a layer 2mm thick, which was dried in an 

oven at 130°C. During drying a second gauze was laid on 

top of the layer. After drying, both gauzes were stripped 

from the dry vermiculite foil which had been formed, 
leaving surfaces with a fine Dattern of disruption through 
which w3terprccfina a q e n t s could penetrate. 



• # 



The foil had mass per uni : area of 6Q0g/m", anc was 
pressed to a sheet of thickness 0 , 6mm and density 
1000kg/m^. Strips measuring 80 x 25mm were cut from the 
sheet for use in the Examples. 



EXAMPLE 1 



A strip was immersed for 30 minutes in an aqueous solution 
of sodium aluminate (NaALO-,; 1M solution) at room 
temperature. The strip was then rinsed in water for 10 
minutes and dried in an oven at 130°C. Uptake of the 
aluminate (dry weight) was 2.5% by weight of the strip. 



The strip was allowed to stand exposed to the laboratory 
atmosphere at ambient temperature for 1 day to allow 
absorption of moisture to equilibrium, and its tensile 
strength was measured. It was then immersed in water at 
room temperature for 48 hours, and then submitted while 
still wet to measurement of tensile strength. Results are 
compared below with those for untreated strip and those 
for strip treated with aluminium sulphate solution C1M). 
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Dry (equilibrium) Wet tensile strengtn 

tensile strength after 48 hrs imme i c n 



Untreated strip 0.5 MPa Di sintegrat 

Strip treated with 

1M-Al 2 <S0 4 ) 3 0-6 MPa 0.1 MPa 



Strip treated with 
1 M-NaA 10- 



1.4 MPa 



0.3 MPa 



Treatment with aqueous 1 M - K A L 0 ^ gave results 

substantially identical with those shown for the sodium 
salt. 



EXAMPLE 2 



Following generally the procedure of Example 1, a strip 
was treated with an aqueous solution of zirconyl chloride 
( 1 M - Z r 0 C I ) and then tested. Results were: 

Dry (equilibrium) Wet tensile strength 

tensile strength after 48 hrs immersion 



Untreated strip 
Strip treated with 
1 M - Z r 0 C L - 



0.5 MPa 
0.5 MPa 



Disintegrated 
0.3 MPa 
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EXAMPLE 3 



This Example illustrates the extent to which the improved 
wet strength imparted by N a A I 0 ^ and ZrOCl^ treatments 
is retained after several hours heating. 



Untreated strip 



Treated (NaAlO-p) strip 



Treated (ZrOCl^) strip 



Tensile strength CMPa) after 
8 hours at 300°C 


Dry 


Wet, after 72 hrs 
cold H 0 immersion 


0.67 


Oi sintegrated 


1 .63 


0.23 


0.92 


0.20 


EXAMPLE 4 





This Example illustrates the further improvement in wet 
strength which can be obtained by a post-treatment with a 
silicone elastomer. 



The dry product of Example 1 was impregnated with a 15% by 
weight solution in toluene of the silicone elastomer sold 
under the name CONFORM AL^ (Dow Corning) C173DC1 
(R-4-3117). The impregnated strip (silicone solids uptake, 
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3 % by weight) was dried, and after an initial pre-cure 
heating (10 minutes at 5Q-70°C) was cured by neating at 
130°C for 30 minutes. Results of strength testing were: 



After silicone treatment 
Tensile strength Tensile strength 
Dry tensile strength after after 

before after 3 days 8 hours 

silicone silicone immersion at 300°C 

treatment treatment cold H -, 0 Dry 3 days H ^O 



1.40 MPa 2.20 MPa 0.60 MPa 2.24 0.58 



EXAMPLE 5 



This Example illustrates t 
obtainable in a strip 25 
exfoliated vermiculite cut 
evaporation at ambient temper 
aqueous dispersion of the m 
Example 1 . 



he improvement in strength 
-75^jm thick of chemically 
from a foil prepared by 
ature of a dilute (5% solids) 
aterial (GP923) specified in 
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Treatment was by immersion for 4 hours in a 7 % by weight 
solution of NaAlO-j. Results of strength tests were: 

Wet tensile strength 
after 2 hours 
Dry tensile strength JH^£ immersion 



Un t rea ted strip 



8 MPa 



Disintegrated 



Treated (NaALO.) strip 12-16 MPa 



0.1 - 0.5 MPa 
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CLAIMS 



1. A process for improving t 
article which comprises 
vermiculite from which th 
ions have been at Least pa 
has been swollen in wate 
article is brought into con 
aluminate or a zirconyl sal 



he water-resistance of an 
very fine particles of 
e interstitial magnesium 
rtially removed and which 
r , in which process the 
tact with a solution of an 
t . 



2. A process according to claim 1, in which the salt 
employed is an alkali metal aluminate. 

3. A process according to claim 2 , in which the salt is 
sodium or potassium aluminate. 

4 . A process according to claim 1 , in which the salt 
employed is zirconyl chloride. 



5. A process according to any 
the treated article is gi 
with a solution of a silic 



of claims 1 to 4 , in which 
ven a subsequent treatment 
one elastomer. 



6. A process according to claim 1, substantially as 
herein described with reference to Example 1. 



A process according 



la i m 1, substantially as 



herein descrioed with reference to Example 2 



A process according to claim 1 , substantially as 
herein described with reference to Example 4. 



A process according to claim 1 , substantially as 
herein described with reference to Example 5 . 



1989 at The Patent Offloe. State Houae. G6-*7 1 Higft Holbom. London WCLR4TF. further coplea may be obtained from The Patent Office 
Us* Branch, St Mary Cray. Orpington, Kent BR5 3RD. Printed by Multiplex tachnlquaB ltd, 8t Mary Cray, Kant Con, 1/87 



